The incidence of belly nosing-related behaviors was studied in 480 piglets weaned at 14 d and provided with environmental enrichment during preweaning, postweaning, or both. Pen enrichment was achieved by providing a foam rubber mat on the pen wall (nose), rubber nipples (suck), a Bite-Rite Tail Chew (bite), a soil-filled tray (root), or no enrichment (control). Instantaneous scan sampling observations, at 5-min intervals, were conducted for 8 h (i.e., 96 scans/observation day) at 3, 10, 19, 26, and 33 d. Observations during the preweaning phase were made to determine the number of piglets lying, standing, nursing, and interacting with environmental enrichment. During the postweaning phase, observations were made to determine the number of piglets belly nosing, belly sucking,
INTRODUCTION
and Worobec et al. (1999) established the time-course for belly nosing in the earlyweaned pig with the behavioral vice commencing approximately 4 d after weaning, peaking 14 to 21 d later, then gradually decreasing in frequency. Enriching pens with blind nipples anchored to milk replacer troughs and dry feeders has been effective in reducing belly nosing in a high belly-nosing line (Bench, 2005) . Bøe (1993) reported that the unenriched postweaning environment has a major influence on the frequency of abnormal behaviors exhibited by weaned piglets. In some cases, providing straw (Bure et al., 1983) , branches (Petersen et al., 1995) , peat (Beattie et al., 1 3397 other nosing and sucking (other), biting, eating, drinking, and interacting with enrichment. The time-course for belly nosing was confirmed, with the behavior rising by 19 d, peaking by 26 d, and decreasing by 33 d (P < 0.001). Only nosing enrichment was found to reduce the incidence of belly-nosing behavior (3.8%) compared with controls (6.6%; P < 0.001). Pigs provided root enrichment spent more time manipulating their enrichment devices (30.2%) compared with all other enrichment groups (P < 0.001). Providing enrichment relevant to a particular behavioral vice as it commences, or shortly afterward, may have the greatest effect on reducing the incidence of that vice during the nursery period.
1995), and mushroom compost (Beattie et al., 2001) has worked well. However, the greatest reduction in behavioral vices was achieved through housing earlyweaned piglets in ethologically enriched environments, such as those equipped with a peat-filled rooting tray or carpeted board with protruding tubes to simulate an udder (Beattie et al., 1995) . These findings suggest that enrichment appropriate for the vices being targeted and provided at early stages of development may reduce behavioral vices and possibly serve to stop such vices from progressing once they begin.
Few studies have investigated the effect of age of exposure to enrichment on behavioral vices (Nicol et al., 2001; Day et al., 2002; Bench, 2005) . In most cases, enrichment is used as a means of reducing already existing behavior problems, rather than as a preventive measure. The hypothesis of the current study was that providing oral-nasal enrichment in early-weaned pigs before weaning may reduce or eliminate the incidence of belly-nosing behavior in the nursery environment.
The objectives of this study were to investigate the provision of enrichment at 2 developmental stages (preor postweaning) to determine the effect of enrichment type and whether a sensitive period exists to reduce belly nosing in the early-weaned pig.
MATERIALS AND METHODS

Facilities and Animals
The study was conducted at Prairie Swine Center Inc., Saskatoon, Saskatchewan, Canada between April and July 2002. The piglets were born to Camborough 22-strain sows and observed during both the pre-and postweaning phases. The experimental protocol for this study was approved by the University of Saskatchewan Animal Care Committee according to Canadian Council of Animal Care standards.
During the 2-wk preweaning phase, piglets remained with their original sows and litters (n = 66), with an average of 11 piglets/litter (no cross-fostering occurred at birth). Farrowing crates measured 2.0-m long × 0.8-m wide and were constructed of tubular steel. Farrowing crate floors were plastic-coated expanded metal (Tenderfoot, Tandem Products Ltd., Blooming Prairie, MN). Each farrowing crate was equipped with one 175-W infrared heat lamp, situated toward the front of the pen. Heat lamps were switched on approximately 1 d before the sows were due to farrow and remained on continuously until the piglets were weaned at 2 wk. No supplementation with milk replacer or creep feed was provided during the preweaning phase. All piglets were early weaned at 14 d.
At weaning, 2 pairs of pigs from different litters were selected randomly from the enrichment treatments in the preweaning phase and placed into corresponding enrichment treatment pens of 4 pigs/pen in each of 5 nursery rooms of 24 pens/room. As a result, 480 piglets became the subjects of the postweaning phase of the study. Lights were programmed to turn on and off at 0700 and 1900, respectively. Nursery pens measuring approximately 1 × 1 m were constructed of tubular steel tribar flooring with durable plastic side paneling and were equipped with a nipple drinker at the rear of each pen.
Enrichment Treatments
During the preweaning (farrowing crate) phase of the study, each litter was randomly assigned to 1 of 5 environmental enrichment treatments, which were placed at the rear of the farrowing crate on the wider of the 2 sides on the day of birth. Each of the environmental enrichments was designed to encourage a specific behavioral component of belly nosing or one of its related behavioral vices. Based on the results of an ontogenic study of belly nosing (Bench, 2005) , nosing, sucking, biting, and rooting behavior patterns were identified and became the focus of each of the 4 enrichment devices to determine their effects on the incidence of belly nosing and its related vices. Enrichment devices, designed to attach to the farrowing crate, were placed at the pigs' nose level and were secured by bolting the apparatus to the crate wall and through the flooring, as needed. Enrichment suspended from the ceiling was situated such that the device hung at the back of the crate, also at nose level.
The nosing (nose; n = 10 litters) enrichment device consisted of black foam rubber matting, 30 × 30 × 2.5 cm, bolted to the back of the pen, with a spacer wedged behind it to create a flexible nosing surface. Four babybottle rubber nipples were screwed onto a 2.5 × 8 × 16-cm piece of plywood and bolted to the pen wall for the sucking (suck; n = 10 litters; based on Rau, 2002) enrichment treatment. Rooting (root; n = 10 litters) enrichment consisted of filling 30 × 30 × 5-cm cake pans with an autoclaved potting soil mixture with mushroom compost and securing the apparatus to the floor and pen wall. Rooting trays were filled to a depth of approximately 3 cm and refilled as needed. For the biting (bite; n = 10 litters) enrichment, Bite-Rite Tail Chews (Ikadan, Ikast, Denmark) were assembled and suspended from the ceiling at piglet nose height. Those litters that received no type of environmental enrichment represented the control (control; n = 26 litters) treatment. Once enrichment devices were in place, they remained in the pen until weaning at 14 d.
During the postweaning (nursery) phase of the study, piglets exposed to nose, suck, bite, and root treatments in the preweaning phase either continued to experience the same enrichment or received no enrichment after weaning. Enrichment, which was designed to attach to the penning, was placed at nose level and secured by bolting the apparatus to the pen wall and through the flooring, as needed. Enrichment suspended from the ceiling was situated such that the device hung at the center of the back of the pen, also at nose level. Based on the enrichment treatment assigned to each pen in the nursery, piglets were randomly selected, 2 at a time, from their litters, representing 1 of the 5 enrichment treatments, regrouped with 2 other piglets from a different litter and the same preweaning enrichment experience, and placed into corresponding enrichment treatment pens of 4 pigs/pen in each of 5 nursery rooms of 24 pens/room. Piglets receiving the control treatment in the preweaning phase of the study either continued to receive no treatment, or were given 1 of the 4 enrichment devices after weaning.
As a result of the experimental design, 13 phase treatments (control treatment replicated for each phase treatment) were investigated, with those that received no enrichment in either phase of the study representing the study controls (n = 12 pens), compared with all other treatments in which environmental enrichment was provided during at least 1 of the 2 developmental phases (n = 9 pens for each phase treatment).
Observation Techniques
Instantaneous scan sampling of each pen, at 5-min intervals, was used to determine the number of pigs standing, lying, and nursing for 8 h (0800 to 1600 each observation day; i.e., 96 scans/observation day) during the preweaning phase, at 3 and 10 d. During the postweaning phase, at 19, 26, and 33 d of age, observations were made for the number of pigs belly nosing, belly sucking, other nosing and sucking (other), biting, eating, and drinking. The number of piglets interacting with the environmental enrichment per crate (preweaning) and per pen (postweaning) were observed during both developmental phases of the study. The data were summarized within pen and age as the percentage (%) of observations spent performing each observed behavior as follows:
Total number of pigs performing a behavior Number of observations by total number of pigs .
Statistical Analysis
A Kolmogorov-Smirnov test was conducted using the Univariate procedure of SAS (SAS Inst. Inc., Cary, NC) to test for normality of the data. All data were found to be normally distributed.
During the preweaning phase, standing, lying, nursing behaviors, and interacting with environmental enrichment in each enrichment treatment group were compared using the crate as the experimental unit. The relationship between type of enrichment and behavior was examined using a split-plot in time model using the GLM procedure of SAS. Environmental enrichment was used as the main plot and age as the subplot. The environmental enrichment × age interaction was also included in the subplot. The error term used to test the enrichment effect was crate within enrichment treatment. A Bonferroni's test was performed to separate means for environmental enrichment, age, and enrichment × age interactions. Age was defined as the number of days since birth, whereas phase was defined as the production growth period (i.e., preweaning in the farrowing room or postweaning in the nursery room).
During the postweaning phase, belly nosing, belly sucking, other, biting, eating, drinking behaviors, and interacting with environmental enrichment were compared using the pen as the experimental unit. The interactions between type of environmental enrichment and phase treatment at the time of enrichment placement (phase treatment) were analyzed using a split-plot in time model with the GLM procedure of SAS, with both environmental enrichment type and phase treatment in the main plot and age as the subplot. A Bonferroni's test was performed to separate means for environmental enrichment, phase treatment, age, and interactions between these factors. In addition, data were analyzed as a split-plot in time to compare the enrichment provided during pre-and postweaning phases with study controls (those pens of animals that received no enrichment in either phase of the study).
RESULTS
Effect of Environmental Enrichment
During the preweaning phase, amount of time spent lying, standing, and nursing did not differ (P > 0.10) among enrichment treatments. However, pigs provided with root (0.7%) and bite (0.3%) enrichment spent more time interacting with their enrichment devices compared with those animals provided with nose (0.03%) and suck (0.1%) enrichment (P < 0.001).
During the postweaning phase, providing pigs with nose enrichment reduced the proportion of time spent belly nosing (3.8%) compared with control pigs (6.6%; P < 0.001; Table 1 ). Pigs provided with root enrichment spent less time eating compared with pigs in the control treatment (P < 0.01). However, pigs given root enrichment also spent more time manipulating the enrichment devices provided to them (30.2%) when compared with the other enrichment groups (P < 0.001).
Effect of Phase Treatment
Pigs in the nose and suck enrichment treatments interacted with their enrichment devices to a greater extent during the nursery phase if they had not been given enrichment during the preweaning phase (P < 0.01 and P < 0.001, respectively; data not shown). Providing suck enrichment during the preweaning phase (suck-control = 7.7% and suck-suck = 6.4%) tended to increase belly nosing in the nursery compared with control animals (6.3%, P = 0.068). However, pigs provided with suck enrichment during only the nursery phase spent a greater proportion of their time interacting with environmental enrichment (4.3%; P < 0.001), which tended to result in less time being spent belly nosing (3.5%) compared with control animals (6.3%; P = 0.068). Providing pigs with root enrichment during the postweaning phase resulted in less time spent performing other behaviors (control-root = 4.5% and root-root = 5.1%, respectively) compared with control animals (8.4%; P < 0.05). Pigs receiving root enrichment during only the prewean phase (root-control) tended to spend more time (8.5%) involved in other behavior compared with control and tended to exhibit more belly nosing as well (8.7%; P = 0.082). Moreover, pigs receiving root enrichment during the nursery phase tended to exhibit less belly nosing (control-root = 4.4% and root-root = 5.8%, respectively) than control animals (6.2%).
Effect of Age
During the preweaning phase of development, when piglets spent most of their daily time budget sleeping and nursing, the proportion of time piglets spent lying decreased with age from 30.0% at 3 d to 27.7% at 10 d (P < 0.05). As a result, piglet activity levels were found to increase with age, and the proportion of time piglets Control treatment received no enrichment either pre or postweaning. Suck treatment consisted of 4 nipples attached to pen wall; root consisted of a soil/compost filled pan attached to floor; bite consisted of Bite-Rite Tail Chews (Ikadan, Ikast, Denmark) suspended from ceiling; nose consisted of rubber matting attached to wall. spent interacting with environmental enrichment also increased (P < 0.01).
The time-course for belly nosing (Table 2) was confirmed with the behavior rising gradually, peaking by 26 d and decreasing by 33 d (P < 0.001). Similarly, belly sucking (P < 0.01), other (P < 0.001), biting (P < 0.001), eating (P < 0.001), drinking (P < 0.01), and interacting with environmental enrichment (P < 0.05) also exhibited significant peaks at 26 d. Table 3 shows the proportion of time spent belly nosing at each observed age during the nursery phase, based on the type of enrichment received during the postwean phase compared with those animals receiving no enrichment during the study (control). Providing bite enrichment resulted in the most significant difference from control (5.8%), particularly at 19 d (3.3%; P < 0.05). However, root and suck enrichment also tended to decrease belly nosing (P = 0.05 and P = 0.08, respec- tively) when compared with those pigs receiving no enrichment during the nursery phase. While providing nose enrichment resulted in the lowest incidence of belly nosing at 26 and 33 d, these findings were not statistically significant.
DISCUSSION
Similar to results found in other studies, animals housed in a barren (control) environment exhibited the highest levels of behavioral vices (Beattie et al., 1995; Haskell et al., 1995; Petersen et al., 1995) , perhaps due to a lack of environmental challenge (Wemelsfelder and Birke, 1997) . Specifically, Petersen et al. (1995) reported that pigs housed in pens enriched with straw, logs, and branches spent more time rooting, biting, and chewing the provided materials, whereas pigs housed in barren environments spent more time rooting, biting, and chewing the floors and walls of their pen. These findings suggest that any environmental enrichment that promotes exploration and is an outlet for oral activities may be the most effective means of redirecting oral vices away from pen fittings and penmates in order to improve animal well being.
The enrichment devices used in the current study were carefully designed to provide an outlet for specific oral-nasal behaviors associated with belly nosing, most notably rooting, nosing, biting, and sucking. During the preweaning phase, piglets spent little time interacting with the environmental enrichment devices. Although the rooting trays for the root treatment were visited considerably more than any of the other enrichments (combined), the overall lack of interest in the presence of the environmental enrichment is probably best explained by the priorities of the piglet to keep warm through lying huddled together and maintaining good nourishment through nursing at regular intervals. As the piglets grew older, play periods increased, which led to a decrease in the amount of time spent lying and an increase in the proportion of time spent interacting with the provided enrichment devices.
As piglets were weaned and moved into the nursery, piglets gradually increased their interactions with the enrichment provided to them, with root enrichment having the highest incidence of visits. However, only nosing enrichment was found to reduce the incidence of belly nosing. Further research also needs to focus on how the environment influences the behavior of the recipient animal.
Studies such as Beattie et al. (2001) provided evidence that pigs work for access to rooting substrates such as spent mushroom compost. These authors reported that pigs with access to such substrate exhibited less nosing, biting, and chewing behaviors directed toward penmates, and resulted in fewer animals needing to be removed due to tail biting. In addition, these authors suggested that pigs redirect rooting behavior toward penmates and the feeder in the absence of any rooting substrate. Thus, the authors concluded that adding substrate, such as mushroom compost, to commercial finishing pens reduces the redirection of such behaviors and improves welfare by minimizing injury through tail biting. Pigs provided with a soil-filled root tray consistently spent a greater proportion of their time interacting with their pen enrichment, which may have effectively directed their attention away from most other objects within the pen, including the feed trough. The large amount of time piglets spent rooting in the soil-filled trays was similar to findings by Stolba and Wood-Gush (1981) , Haskell et al. (1995) , and Horrell and Ness (1995) . Studnitz and Jensen (2002) did not find evidence that rooting is a behavioral need in their sow study, but there is support that rooting behavior is reinforcing (Day et al., 1996) due to the high degree of preference that pigs show for it.
Although Beattie et al. (2001) found that pigs with access to rooting substrate demonstrate less generalized nosing and biting behavior, the current study found the root treatment was not effective in decreasing the incidence of belly nosing, biting, or generally directed (other) behaviors compared with control animals. Li and Gonyou (2002) agreed with the findings of Gardner et al. (2001) that belly nosing is not likely to be motivated by hunger but suggest that the behavioral vice may be more socially motivated.
Piglets provided with foam rubber matting anchored to the pen wall with a spacer for adequate nosing (nose) interacted significantly less with the pen enrichment compared with the more interactive root and bite enrichment devices. However, nose enrichment pigs also exhibited belly nosing less than pigs receiving no environmental enrichment (control) and less belly sucking than pigs provided with suck enrichment. Furthermore, pigs in the nose treatment group also spent the most time eating at the feed trough, although only significantly greater than root. If the expectation theory of Lewis (1999) is correct, it may be that providing nosing mats to redirect the strong nosing behavior need during the nursery phase best meets the piglet's nosing expectations of the environment. Study into the ontogeny of belly nosing (Bench, 2005) would suggest that piglets are in a nosing phase of development during the nursery period. The question remains, did even a little interaction with the nosing mats reduce the performance of belly nosing and belly sucking behavior? Interestingly, providing nose enrichment reduced the proportion of time pigs spent in belly-directed nosing and sucking but failed to reduce the incidence of generalized nosing and sucking behavior (other) compared with animals under control conditions. These findings further suggest that belly nosing is not performed for the sole sake of nosing and needs to be investigated further.
Because survival of the young mammal depends on sucking success, sucking motivation is assumed to be strong and sucking deprivation would result in frustration, which could have a negative impact on a young mammal's welfare (de Passillé, 2001 ). However, providing newly weaned animals with a nonnutritive artificial teat has been found to reduce the occurrence of cross sucking in some cases (de Passillé, 2001) . However, in the current study, providing suck enrichment led to incidences of belly sucking behavior comparable with that seen in control animals. The same results were not found in a previous preliminary study (Bench, 2005) . However, a study into the ontogeny of belly nosing (Bench, 2005) has suggested that sucking behavior develops after nosing behavior. Furthermore, providing sucking enrichment in the current study was not found to decrease the incidence of belly nosing compared with animals housed in an unenriched environment. Algers (1984) suggested that sucking was due to increased concentrations of plasma corticoids as a result of frustration arising from a lack of reward. As a result of the frustration, animals will attempt to cope with a stressful environment (Weary and Fraser, 1997; Gonyou et al., 1998; Worobec et al., 1999) . However, Rau and Duncan (1999) found that providing blind nipples to piglets had no effect on feed intake, water use, or growth and did not reduce the incidence of belly nosing, which agrees with the findings of the current study.
After piglets in the root group, piglets provided with Bite Rite Tail Chews spent a considerable amount of time engaged in activities involving the enrichment provided to them. The tail chews allowed for 4 animals to interact with the device at once, which facilitated social interactions. Similar results were found with Horrell and Ness (1995) using a hanging rope. Day et al. (1996) suggested that grower pigs gather nutritional information in their environment through chewing behavior.
The increase in overall activity levels, compared with the amount of time spent lying during the preweaning phase were expected findings as animals became more independent and explored their environment more, including interacting with the various enrichments provided. Although previous studies found belly nosing to commence around to 4 d following weaning, peak incidence occurred 2 wk later and then gradually declined, and it was interesting to find that this type of peaking and waning was not particular to belly nosing alone. All of the behaviors observed during the postweaning period followed a similar trend with an increase in duration until approximately 2 wk following weaning (26 d) and then decreasing by 33 d. These results differ from ontogeny findings by Bench (2005) . The overall persistence of general manipulation found throughout the nursery period agrees with previous work by Metz and Gonyou (1990) , Bøe (1993) , and Worobec et al. (1999) . Day et al. (2002) studied the effects of experience with straw on the behavior of growing pigs and found that if pigs are provided with straw, which does not continue into the grow-finish phase of development, the result can be an increase in the occurrence of adverse penmate-directed behavior. However, even a small amount of straw in the grow-finish environment may serve to buffer the negative effects of the change in housing environment. Together, these findings suggest that not only does early environmental enrichment experience seem to be important in reducing the incidence of behavioral vices but may also serve to stop these vices from progressing once they begin. In the current study, providing environmental enrichment prior to weaning did not seem to have any effect on the incidence of behavioral vices in the nursery phase. However, providing nose enrichment during the postweaning phase led to lower incidence of belly-nosing behavior. These findings suggest that a sensitive period for providing nosing enrichment to piglets as a means of reducing belly-nosing behavior occurs during the nursery phase when the behavior is likely to develop, rather than during the preweaning phase when the piglets spend most of their time budget keeping warm and nursing. These findings agree with those of Vandenheede and Bouissou (1995) that enrichment prior to weaning had no effect. Nicol et al. (2001) also found that the current enrichment is of great importance to animals, regardless of prior experience. They suggest that this was due to a secondary sensitive period resulting in adult behavior being generally flexible and strongly influenced by the current environmental conditions. The effect of this sensitive period on the behavior of early-weaned pigs during the grow-finish period was not investigated. Although environmental enrichment devices that facilitated social interaction were used the most, they were not found to be the most effective in reducing belly nosing in the early-weaned pig. Only nosing enrichment during the nursery period was found to reduce the incidence of belly-nosing behavior. Furthermore, a sensitive period for belly nosing was not found to exist during the preweaning environment.
